Objective: Extensive investigations have been conducted into predictors of schizophrenia outcome. The heterogeneity of the illness implies that many factors should be taken into account. Some studies have reported the relationship between increased β-endorphin concentration and predominant negative symptoms. Methods: We included 77 outpatients with schizophrenia and 74 healthy controls. Data referring to duration and course of illness, hospitalization number and treatment were collected on the basis of clinical interviews and medical documentation analysis. The β-endorphin concentrations were assessed once in all participants, at the onset of the study. Results: A chronic course of illness was found in 44 of the 77 schizophrenics. Patients with schizophrenia, especially those with a chronic course of illness, revealed significantly higher β-endorphin concentrations than those with an episodic course and controls (mean 29.70 vs 19.86 pmol/L; p=0.0001). Increased levels of β-endorphin were related to longer duration of illness (R=0.294, p=0.009) and frequent psychiatric hospitalization (R=0.346, p=-0.002). Conclusion: Endorphins may be potential biological predictors of persistent negative symptoms and final outcome in schizophrenia.
Introduction
Despite extensive research into the etiopathology and treatment of schizophrenia, all domains of patient functioning may still be impaired not only during acute episodes but, in many cases, also permanently. Hence, the disturbance of reality processing involved in this illness can have serious consequences for patients, their families and the community. It should be underlined that schizophrenia seems to be a heterogeneous rather than a homogeneous illness complex, which additionally complicates the treatment and prognosis of outcomes. Neurochemical, genetic, epigenetic, developmental and environmental factors can interfere with normal brain development and maturation. 1 Although the biology of schizophrenia has been intensively investigated for a long time, there are still a lot of questions over the symptoms leading to pronounced social disability and deterioration of everyday functioning, i.e. negative symptoms and cognitive impairment. Scientific research has attempted to identify the course and outcome of schizophrenia. When taking into account schizophrenia episodes, not only positive symptoms but also impairment of social functioning and negative symptoms should be considered. Approximately 10-15% of patients recover after first episode psychosis, although the course of schizophrenia usually fluctuates, with acute exacerbation of psychotic symptoms overlapping with poorly controlled negative, neurocognitive and social cognitive symptoms. A 15-year follow-up in the MUFUSSAD study 2 in first hospitalized patients found that 57% of schizophrenics presented with chronic and 39% with an episodic-remitting course of illness. The chronic course was predicted by severe positive symptoms at admission to hospital and by negative symptoms at discharge. In a follow-up study by Harrison et al, 3 33.6% of patients with schizophrenia had been continuously ill over the past 2 years. Moreover, negative symptoms were prominent in half of the individuals with such a pattern of schizophrenia course. Knowledge of potential predictors of poor outcome or persistent psychopathological symptoms may be very useful for planning individual treatment and rehabilitation for the improvement of patients functioning in various domains.
In the past, the involvement of β-endorphin (BE) in the pathogenesis of schizophrenia was extensively examined; however, further research was discontinued without unambiguous conclusions having been reached. Endorphin deficiency, the presence of abnormal endorphin and an excess of endorphins were considered as endogenous opioid disturbance in schizophrenia. 4 The most popular hypothesis is endogenous "hypermorphinergic pathology" manifesting as an increase in BE concentration among patients. The imbalance in modulatory effects of endogenous opioids on the dopaminergic system may be related to the pathogenesis of schizophrenia. 5 Further research studies investigated BE concentration in drug-naïve patients and in those after pharmacological treatment. Some of them failed to find significant differences in BE concentration between drug-naïve schizophrenics and controls, although there was a trend toward higher values in the patients. 6 The majority of previous studies on pharmacologically treated patients included very small and non-homogeneous patient samples. 7, 8 The study methodology also varied in terms of the biological material used to assess BE content, i.e. peripheral blood, cerebrospinal fluid and peripheral blood mononuclear cells, as well as postmortem brain samples. More recent studies found an excess of BE in patients, especially those with negative symptoms, in comparison to healthy controls. 9, 10 Considering the previous findings, we hypothesized that BE concentration may be related to the clinical course of schizophrenia and, secondarily, may determin the outcome of the illness.
Methods
The study comprises 77 patients with schizophrenia and 74 healthy controls. The patients were recruited from the Affective and Psychotic Department outpatient unit at the Medical University of Łódź, Poland. Staff and students at the Medical University of Łódź were included in the control group. Sample characteristics are presented in Table 1 . The study groups did not differ with regard to age (p=0.436) or gender composition (Chi 2 =0.14; p=0.708). Schizophrenia was diagnosed by a senior psychiatrist according to ICD-10 criteria. The data were collected from the patient's personal interview as part of routine psychiatric assessment and retrospectively from the hospital and psychiatric outpatient unit. Information about duration of illness (DOI), frequency of psychiatric hospitalizations (hospitalization number, Hn), course of schizophrenia and kind of treatment were noted. The pattern of psychosis course was divided into episodic and chronic, according to Harrison et al. 3 An episodic course means that the patient had no psychotic episode lasting longer than 6 months. A chronic course was described in those with no remission lasting longer than 6 months. DOI means the time after the onset of a psychiatric disorder according to the ICD-10 criteria. Patients were under neuroleptic treatment (first and second generation antipsychotics), in a few cases in co-medication with valproate, lamotrygine or benzodiazepines. BE plasma concentrations were measured in both study groups.
The exclusion criteria for all groups were as follows: history of drug abuse, history of psychiatric disorders (other than schizophrenia for the patient sample), neurological disorders, head trauma and/or loss of consciousness.
All participants gave their written informed consent prior to their inclusion in the study. The study was approved by the Ethics Committee of the Medical University of Łódź (nr RNN/92/12/KE). The authors assert that all procedures contributing to this work comply with the ethical standards of the relevant national and institutional committees on human experimentation and with the Helsinki Declaration of 1975, as revised in 2013.
Biochemical Assay
The BE assay was performed using a DRG Diagnostics β-Endorphin Kit (RIA 3023). A sample of 3 mL of peripheral blood was collected from every participant once, at the inclusion to the study. All blood samples were drawn directly into EDTA and then centrifuged. The plasma samples were stored at -20°C until assay. All blood samples from patients and controls were taken in the morning, at 7-8 a.m.
Statistical Analysis
The data were verified for normality (Shapiro-Wilk test) of distribution and equality of variances. To compare the means, the Student's t-test was used when the distribution was normal; in other cases, the Mann-Whitney U-test was used to compare the average values. Correlations between the age, DOI, Hn and BE were analyzed with Spearman's rank correlation coefficient. The statistical analysis was performed using the Statistica 13th CSS program. The results of the quantitative variables are presented as mean ± SD (standard deviation) and minimum and maximum values. The limit of statistical significance was set at p<0.05 for all analyses.
Results
The majority of patients (57.14%) displayed a chronic course of illness. All patient samples revealed significantly higher BE plasma concentrations than controls (mean ± SD 25.48±12.64 pmol/L AE 12:64 vs 17.50±7.21 pmol/L; AE 7:21p=0.000). Patients with a chronic course of illness had much higher levels of BE than those with an episodic course (mean ± SD 29.70±13.45 pmol/L, min 12.99, max 64.25 pmol/L AE 13:45 vs 19.86±8.88 pmol/L, min 9.46, max 46.01 pmol/L; AE 8:88p=0.000). In patients with higher BE concentration, a longer duration of illness (Rs=0.294; p=0.009) (Figure 1 ) and more frequent hospitalizations were found (Rs=0.346; p=0.002) (Figure 2 ). There was no relationship between BE concentration and gender in patients (p=0.169) or in controls (p=0.679). Similarly, the age of participants had no impact on BE levels. Moreover, a chronic course of schizophrenia was related to significantly longer DOI than an episodic course (mean ± SD 9.30 ±6.93 AE 6:93 years vs 6.18±5.60 years; AE 6:93p=0.005) as well as more frequent hospitalizations (mean ± SD 4.66 ±3.43 AE 3:43 vs 2.94±2.41; AE 2:41p=0.006) ( Table 2 ).
Discussion
The involvement of biological, genetic and environmental factors in the pathogenesis of schizophrenia is widely discussed, but nevertheless the trigger remains unknown. Antipsychotic agents are very effective in the treatment of positive symptoms of schizophrenia. However, none of this medication, including second generation antipsychotics, is effective enough for release from negative symptoms. It needs to be highlighted that impairment of social cognition, neurocognitive deficits and mainly negative symptoms are present in the prodromal phase of the illness and are pronounced with a high risk of schizophrenia transition. 11, 12 Moreover, it was found that DOI is negatively correlated with treatment response to both pharmacotherapy 13 and electroconvulsive treatment. 14 The phenomenon of increased BE levels, in general, is common among patients with schizophrenia. It seems that various clinical stages or manifestations may differ in their BE secretion pattern. Brambilla et al 15 found higher BE plasma concentrations in 37 neuroleptic-free patients with chronic schizophrenia than in healthy controls. In line with these observations, increased basal BE concentrations were reported among pharmacologically treated individuals with chronic schizophrenia. Endorphin levels increased only in patients under long-term antipsychotic treatment. 16 In our previous study, we found that inpatients during relapse of illness with predominant negative symptoms had higher BE concentrations than those with acute positive symptoms and healthy controls. 9 Effective treatment resulted in a decrease in the final BE concentration to a level similar to that in healthy controls, despite the use of various individually tailored drugs. Moreover, in further studies we reported significantly increased concentrations in both inpatients and outpatients with schizophrenia. 10 As for individuals with first episode psychosis, their BE levels were similar to healthy controls. 17 Nevertheless, in that research, we found significant positive correlations between BE concentration and all PANSS (Positive and Negative Syndrome Scale) subscales, except for the positive symptoms subscale. It could be assumed that patients with schizophrenia exhibit a specific pattern of BE concentration relative to the predominant psychopathology. It is likely that patients with schizophrenia develop a specific pattern of BE secretion relative to the predominant psychopathology. Therefore, patients with predominant persistent negative symptoms do not achieve stable BE concentration "normalization". The basic tenet of the following discussion is the need to update the potential role of BE in the neurobiology of schizophrenia. Patients with a long DOI may be biologically predisposed to symptom persistence/chronicity and delayed response to treatment. The ABC Schizophrenia Study 18 revealed that the mean frequency of psychotic relapse episodes was three per patient over the total course of 11.2 years (minimum of 0 and maximum of 29 relapses). Nevertheless, a high degree of heterogeneity in the illness courses was emphasized, rather independently of adherence to psychopharmacological treatment. The investigators observed a mean of three psychotic episode relapses per patient in the 11.2-year period. Although we did not analyze the frequency of relapses, but rather the number of psychiatric hospitalizations, the results indicate a significantly higher mean incidence of acute relapses among patients with a chronic course of illness than among those with an episodic course. Schultz et al 19 did not find an age effect for negative symptoms, in contrast to positive and disorganized symptoms, which were less severe in older individuals.
It is reported that a deterioration in social functioning is already present in the prodromal phase of schizophrenia. Along the course of the disease, 2-5 years after the first episode the symptom severity reaches a plateau; however, this occurs significantly earlier for positive than for negative symptoms. 20 Hӓfner et al 18, 21 found that among a first episode psychosis sample, only 32.7% of individuals had regular employment after an average 12.3 years of illness duration. It should be obvious that direct investigation of the natural course of schizophrenia is currently not possible in an ethical manner. Therefore, the majority of patients are, at least in some periods, under psychopharmacological treatment, which affects the course of the illness in unclear ways.
The MUFUSSAD study 2 revealed that severe positive symptoms on admission to hospital and significant negative symptoms at discharge predicted the development of a chronic course of schizophrenia. A significant increase in negative symptoms at the 15-year follow-up was also found, similar to this at first admission to hospital. Moreover, negative symptoms were chronic and persistent along the whole observation period. The authors emphasized that the patients evaluated in the study were treated almost exclusively with first generation antipsychotics, which are mainly effective for positive schizophrenia symptoms. Participants in our study were under first or second generation antipsychotic or combined treatment. Therefore, an additional confounding factor is the DOI and modifications to the medication during this period. However, the proportion of chronic and episodic courses of illness among our probands was similar to that published by Möller et al. 2 It seems that the type of pharmacological treatment and its specific effectiveness are not enough to fully explain the predominance and persistence of negative symptoms. Our study has some limitations. First of all, the data concerning course of illness were collected retrospectively, based on clinical interviews and medical documentation, and thus some information may have been missed. Moreover, the number of psychiatric hospitalizations was analyzed, but not the relapse index, which illustrates the frequency of the most severe relapses rather than the proportion of real remissions-psychotic episodes. The assignment of course pattern typology was arbitrary and simple, but clear from a pragmatic-clinical viewpoint. In addition, we did not obtain a fully unified evaluation of the psychopathological symptoms at the onset of disease, so it was unknown which patients primarily had predominant negative symptoms. It is highly likely that endorphin concentration, at least in some range, varies depending on the quality and severity of symptoms, as well as the effects of treatment. In our study, only current BE concentration was evaluated, depending on the course of the disease, but without noting the exact kind and severity of symptoms. It should be noted that peripheral blood BE assessment does not reflect directly the BE levels in the brain. Cerebrospinal fluid concentration would be a methodologically better choice but it requires much more invasive procedures and is less acceptable to participants. A prospective, naturalistic study with a long follow-up period would be much more informative. Further research should take into account changes in the clinical picture and their relationship with changes in BE concentrations at the beginning of and during treatment, but also the final outcome, including cognitive impairment and social functioning.
